10 RHO of Plants (ROP) G-proteins are key components of cell polarization 11 processes in plant development. The barley (Hordeum vulgare) ROP protein 12 RACB, is a susceptibility factor in the interaction of barley with the barley 13 powdery mildew fungus Blumeria graminis f.sp. hordei (Bgh). RACB also 14 drives polar cell development, and this function might be coopted during 15 formation of fungal haustoria in epidermal cells of barley. In order to 16 understand RACB signaling during the interaction of barley with Bgh, we 17 searched for potential downstream interactors of RACB. Here, we show that 18 ROP INTERACTIVE PARTNER b (RIPb) directly interacts with RACB in 19 yeast and in planta. Over-expression of RIPb supports susceptibility of 20 barley to Bgh. RIPb further interacts with itself at microtubules. However, 21 the interaction with activated RACB takes place at the plasma membrane.
Introduction 34
The interaction of plants with powdery mildew fungi is a model for the biology 144 Previous studies have shown that RIP proteins are a class of proteins with 145 very little sequence similarity (Li et al. 2008) . All RIP proteins identified so 146 far in Arabidopsis contain an N-terminal QEEL motif and a C-terminal 147 QWRKAA motif. These motifs are present in respective N-and C-terminal 148 coiled-coil domains. Based on this, we performed bioinformatic analyses 149 and identified three high confidence genes coding for RIP proteins in barley 150 ( Fig. 1 ). It appears that in several monocots the first glutamic acid in the 151 QEEL motif is exchanged to aspartic acid (QDEL). We named these proteins 152 RIPa (HORVU3Hr1G087430), RIPb (HORVU1Hr1G012460) and RIPc 153 (HORVU3Hr1G072880), since we did not observe a clear orthology to 154 individual Arabidopsis RIP proteins and phylogenetic analysis was 155 ambiguous as well ( Fig. 1B) . We also identified three RIP proteins in rice 156 containing the QDEL motif as well as the QWRKAA motif (Os01g61760, conservation of lysine residues at the very C-termini, which were shown 166 before to be important for membrane localization of other RIP proteins (Li 167 et al. 2008) (Fig. 1A) . 168 Phylogenetic analysis shows that HvRIPa and HvRIPb are more closely 169 related to each other, than HvRIPc, which is located on an independent 170 branch of the tree (Fig. 1B) . Two RIPs from rice (Oryza sativa ssp. japonica) 171 and two RIPs from Brachypodium distachyon (BRADI_2g54177v3, 172 BRADI2g37920v3) seem to be orthologous to HvRIPa and HvRIPb. Both rice 173 and B. distachyon also encode a putative ortholog of HvRIPc 174 (BRADI_2g50317v3). HvRIPc, AtRIP1 and AtRIP4 share a similar C-175 terminus with a KKGN/QK motif and AtRIP1 and AtRIP4 also share one 176 branch with HvRIPc on the phylogenetic tree. 196 In order to ascertain the subcellular localization of RIPb, we transiently 
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RIPb interacts with RACB
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This was further supported by quantification of signal intensities at the 202 periclinal cell periphery, which showed that YFP-RIPb signals peaked at the 203 same sites as the microtubule marker but also showed background signals 204 ( Fig. 3C ). This further suggested that YFP-RIPb is also present in the for the interaction with CA RACB (Fig. 4B, C) . We observed the 222 complemented CA RACB-RIPb YFP complex signals either exclusively at 223 the plasma membrane or at cortical microtubules and the plasma membrane 224 ( Fig. 4B ). We further confirmed a direct interaction between both wild type 225 RACB (RACB WT) and CA RACB with RIPb ( Fig 4D) , respectively, in yeast.
226
These experiments together suggest a direct interaction between RIPb and 227 RACB in planta. region were able to interact in yeast ( Fig. 5D ). In order to look for specific 247 subcellular localizations in planta, we created YFP-tagged fusion proteins 248 of these truncations. YFP-RIPbCC2 and YFP-RIPbVaCC2 localize strongly 249 to the cell periphery, presumably the plasma membrane ( Fig. 5B ). YFP-
250
RIPbCC1Va was located in the cytosol and at the microtubules. However,
251
YFP-RIPbCC1 and RIPbVa were detected in the cytosol only ( Fig. 5B ).
252
Hence, both the CC1 domain and the Va domain appeared to be required nYFP-MAGAP1 on the other hand showed YFP complementation when co-269 expressed with cYFP-CA RACB (Fig. 6A, B ). representing membrane domains around papilla protrusions ( Fig. 7B ). Since
303
RIPbCC2 had a stronger influence on fungal penetration success than full 304 length RIPb, we also imaged YFP-RIPbCC2 when co-expressed with CFP-305 CA RACB. Interestingly, there was a very strong co-localization of both 306 proteins around the haustorial neck region in penetrated cells, but also in 307 some instances at sites of repelled fungal attempts (Fig. 7C ). The ring-like 308 accumulation of RIPbCC2 around the haustorial neck was also visible at 309 later stages of the interaction at 48 hours after the inoculation (Fig. 7D ).
310
There was also constantly local aggregation of cytoplasm at the sites of 311 attack, but measurements of the ring-like YFP-RIPbCC2 fluorescence, 312 showed signal intensities were clearly more confined to the cell periphery 313 compared to cytosolic mCherry fluorescence ( Fig. 7E ). conserved function of the RIPs in grasses (Fig. 1) we observed localization at the cell periphery and at the microtubule 360 cytoskeleton (Fig. 3) RIPb interaction (Fig. 5D ), because in contrast to RIPbCC1, RIPbCC1Va 367 showed microtubule localization (Fig. 5B) did not result in a significant increase in susceptibility (Supplemental Fig.   383 S4B), and therefore this effect appears specific for RIPb. RIPbCC2 was able 384 to interact with RACB in yeast and in planta (Fig. 5, Supplemental Fig. S2 ).
385
Furthermore, RIPb did not localize to the cell periphery anymore without the 386 CC2 domain (RIPbCC1Va) even in presence of CA RACB (Supplemental 387 Fig. S3 ). This together suggests, that the CC2 domain of RIPb is responsible 388 both for ROP interaction and for a downstream function, which my take place 389 at the plasma membrane.
390
The N-terminal CC1 domain of RIPb is required for microtubule association 391 but might interact with signaling components as well. This would explain the 392 susceptibility phenotype of the CC1 domain, although the CC1 domain itself 393 does not interact with RACB (Fig. 2C, Fig. 5C) 
